INTRODUCTION: Primary-and secondary MR findings, volumetric measurements and MR spectroscopy data of each hippocampus represent more a dozen of variables that radiologists should consider in a quantitative MR report of temporal lobe epilepsy (TLE). There is a paucity of data about the significance of secondary MR findings simultaneously evaluated with volumetry and MR spectroscopy. We analyzed the influence of qualitative-secondary MR findings simultaneously with quantitative (volumetry and spectroscopy) data in MRI positive-and negative patients with mesial temporal sclerosis (MTS). METHODS: Analytic and transversal study of 59 patients with TLE and suspiciousness of MTS. 13 variables were analyzed for each hippocampus: age, gender, cerebral hemisphere, temporal lobe atrophy, choroidal fissure dilatation, mamillary body atrophy, collateral white matter atrophy, fornix asymmetry; Naa/Cr, Cho/Cr, mI/Cr, Naa/ (Cr+Cho); and hippocampus volume (mm 3 ). Multivariate discriminant analysis (DA) was performed with the aim to identify specific morphologic and metabolic attributes in hippocampi with and without MTS. RESULTS: Discriminant function significantly differentiated the hippocampi with-and without MTS (Wilks' λ = 0.211, χ 2 (11) = 116.072, p = < .001. The model explained 79.03% of the variation in the grouping variable. The pooled within-groups correlations showed the highest influence of discriminating function for the secondary MR findings over metabolite indices and hippocampal volumes, the overall predictive accuracy was 93.9%. DISCUSSION: Due of the large number of variables (qualitative and quantitative) to which a radiologist is exposed in a conventional hippocampal MR-report, such evaluation might benefit from the use of predictive models generated by unconventional statistical methods, such as DA.
Introduction
Temporal lobe epilepsy (TLE) is the most prevalent cause of focal epilepsy [1] , about 70% of TLE cases are represented by mesial hippocampal sclerosis (MTS) characterized by neuronal loss and gliosis [2, 3] . Conventional magnetic resonance (MR) imaging had been considered the preferred imaging technique in the detection of an abnormal hippocampus with a sensitivity of 85% to 98% [4] . Nowadays quantitative MR imaging utilizing volumetric measurements and MR spectroscopy (MRS) in addition to conventional inspection are the current imaging techniques used in the assessment of patients with TLE suspicious to have MTS [5] [6] [7] . Two primary MR findings are required to diagnose MTS: the presence of an atrophic hippocampus and a hyperintense signal confined to the hippocampus [8] [9] [10] [11] [12] [13] . Some studies have report the presence of other brain morphologic alterations (ipsilateral to the affected hippocampus) that have been considered as secondary MR findings of MTS: temporal lobe volume loss; choroidal fissure dilatation; narrowed collateral white matter; asymmetry of the fornix; and an atrophic mammillary body [10, [14] [15] [16] [17] . One reason that these findings are relegated to the category of secondary findings is because mild asymmetries of these structures have been found in healthy subjects [18, 19] . Although several studies about the prevalence of imaging findings in MTS have been published in patients with TLE, to the best of our knowledge there is a paucity of data about the significance of the secondary MR findings simultaneously evaluated with quantitative data, the majority of studies have reported descriptive statistics or bivariate analysis with no more deep multivariate analysis or variable reduction techniques [20, 21] . We believe these secondary findings might have a quantitative role in the diagnosis of MTS.
Linear discriminant analysis (DA), first introduced by Fisher [22] , is a multivariate technique to classify study participants into groups to describe group differences and to assess the relative importance of variables for discriminating between groups. DA undertakes the same task as multiple linear regression by predicting an outcome; however, multiple linear regression is limited to cases where the dependent variable on the Y axis is an interval variable so that the combination of predictors will, through the regression equation, produce estimated mean population numerical Y values for given values of weighted combinations of X values [23] . In medical imaging many interesting variables are categorical, such as presence of hyperintensity, dilatation, loss of volume, etc.; in those cases DA can be applied. Multivariate analysis of quantitative and qualitative MR data may further our understanding of MTS, considering we can assess different kind of variables and may be able to discover findings and associations that cannot in a partialregional assessment, be recognized at surgery, neurologic and/or pathologic examination [24] . These might yield important information in terms of the pathophysiology, diagnosis, and prognosis of MTS. The aim of the study was to analyze the importance of secondary MR findings in a combined evaluation with hippocampi volumes and MRS data of TLE-patients with-and without MTS. We used DA to present a new discriminating model that explains as much of the variance in the original data set as possible considering quantitative and qualitative MR findings.
Subjects and methods
Retrospective, analytic and transversal study which included consecutive brain MR evaluations of patients re-
Figure 1
Primary-and secondary findings in mesial temporal sclerosis. A and B, Coronal T2 and Flair brain MR images showing atrophy and hyperintensity in the right hippocampus (white arrows). C, choroidal fissure dilatation. D, temporal lobe atrophy (white contour) and collateral white matter atrophy (white arrow heads). E, mamillary body asymmetry. F, fornix asymmetry.
ferred with clinical diagnosis of symptomatic Limbic epilepsy according to the standardized classification of the International League Against Epilepsy (ILAE) [25] . According to medical records, clinical diagnosis was based on a hemispheric lateralization during an interictal EEG and, depending on each case: an ictal or intracranial EEG activity, the semiology of the seizures and/or a positive PET scan. Patients with brain MR findings of neoplastic, infectious, traumatic or inflammatory lesions were excluded from the study. Clinical information recorded age, gender, and affected cerebral hemisphere.
Conventional brain MR imaging
Conventional evaluation of non-enhanced MR for brain was performed using a 3.0T GE Sigma HDxt scanner (General Electric Healthcare, Milwaukee, WI). All images were acquired with an MRI 8-channel high-resolution brain array coil. The standard clinical sequences consisted of a sagittal T1-weighted fluid attenuated inversion recovery (FLAIR) (TE/TR/TI: 9.9 ms/2500 ms/920 ms; thickness/ gap: 5 mm/0.3 mm gap; FOV: 24 cm; matrix: 384x224 pixels), axial 3D spoiled gradient echo (FSPGR) (TE/TR/ TI: 3.9 ms/ 9.4 m/450 ms; thickness: 1.3 mm; FOV: 24x18 cm; matrix: 352x224 pixels), coronal T2-weighted fast spin-echo (FSE) (TE/TR: 153 ms/2600 ms; thickness/gap: 3.0 mm/0 mm; FOV: 22x16.5 cm; matrix: 768x384 pixels) and axial T2-weighted FLAIR (TE/TR/TI: 112 ms/1100 ms/2600 ms; thickness/gap: 3 mm/1 mm; FOV: 22 cm; matrix: 288x225 pixels). Two radiologists visually assessed hippocampi atrophy and signal changes, considering MTS is a straightforward MR diagnosis, only cases with full agreement were included in the analysis. Volumetric and spectroscopic hippocampal measurements High-spatial-resolution MR images for hippocampal volumetry were acquired by using 3D T2 weighted coronal technique on a 3T unit (GE healthcare, Milwaukee, WI) with all sections obtained perpendicular to the long-axis of the hippocampus (TR/TE/ECO/NEX = 5000/140/30/4, FOV 20, Matrix 384x384). The MR imaging data were transferred to a GE Advantage Workstation and analyzed using the software FuncTool 9.4.04b (GE Medical Systems, Milwaukee, WI). The boundaries of the hippocampus were manually traced by one radiologist (M.L.A.); all images were coded so that the operator was blind to each patient. The anterior boundary was the first section where the amygdala was not seen. The in-plane boundary, adapted from the definition proposed by Jack [26] , was traced laterally along the temporal horn, superiorly by CSF in the choroidal fissure, medially by the CSF in the uncal and ambient cistern, and inferiorly by the gray-white matter in the parahippocampal gyrus. The posterior boundary, an intrinsic landmark proposed by Watson et al. [27] in 1992, was the section before the crus of the fornix. Each individual subject had two measures of hippocampi; one gave the smaller side of hippocampus volume (HV) and the other the contralateral, larger side of HV. The diagnosis of MTS was defined by the presence or absence in each hippocampus of two simultaneous findings: the presence of atrophy (small volume) and a hyperintense signal confined to the hippocampus [8] [9] [10] [11] [12] [13] . Single-voxel proton MR spectroscopy was performed by using a point-resolved spectroscopic sequence technique (PRESS) (TR/TE/NEX, 1500/35/8; matrix 1x1; voxel size 10x10x25, 2500 mm 3 ) with region of interest specifically conforming to the volume of each hippocampus. Brain spectra contained five peaks: one primarily from the Ntrimethyl protons of choline-containing metabolites at 3.2 ppm (Cho), one from the N-methyl protons of creatine and phosphocreatine at 3.0 ppm (Cr), one primarily from the methyl protons of NAA at 2.0 ppm and two primarily from protons of myo-inositol (mI) at 3.56 and 4.06 ppm [28] . Relative quantification of NAA, Cho, Cr and mI signals was performed after Gaussian curve fitting by using standard spectroscopic analysis software FuncTool 9.4.04b, (GE Healthcare, Milwaukee, WI). Additional NAA/(Cho + Cr) ratios were calculated for each hippocampus. The voxel was placed in that plane and its size was tailored to the approximate size of the body of each hippocampus, figure 1.
Statistical analysis

Dependent variable (DV's)
The categorical variable used in the DA was the presence or absence of an imaging diagnosis of MTS.
Independent variables (IV's)
A total of 13 IV's were evaluated for each hippocampus: age (in years); 7 categorical variables: gender, cerebral hemisphere, temporal lobe atrophy, choroidal fissure dilatation, mamillary body atrophy, cholateral white matter atrophy, fornix asymmetry; and 5 metabolite-indices: Naa/ Cr, Cho/Cr, mI/Cr, Naa/(Cr+Cho); and hippocampus volume (mm 3 ).
All categorical and continuous variables underwent simultaneous multivariate DA with the predictive aim to identify specific morphologic and metabolic attributes in hippocampi with and without MTS [23] . The effect-size measure for discriminant analysis was done using the squared canonical correlation as the equivalent of the R 2 in regression [29] . By convention, effect sizes of 0.02, 0.15, and 0.35 were termed small, medium, and large, respectively [30] . All analyses were carried out using the IBM ® SPSS ® Statistics software (version 19.0.0.1 IBM Corporation; Armonk, NY). Presentation of data was done according to the guidelines of the American Psychological Association [31, 32] . Statistical significance was indicated by p <0.05 (twotailed).
Results
The 
Discriminant analysis
The DA was performed by entering the 13 independent variables (continuous and categorical) together and revealed one discriminant function. This discriminant function significantly differentiated the hippocampi with-and without MTS: Wilks' λ = 0.211, χ 2 (11) = 116.072, p = < .001. By indicating the significance of the discriminant function, Wilks' lambda provided a low proportion of total variability not explained by the model of only 20.97%. A canonical correlation of .889 suggested the model explains 79.03% of the variation in the grouping variable.
Summary of discriminant functions
The Tests of equality of group means provided statistical evidence of significant differences between means of MTS 
Original article
Swiss Med Wkly. 2012;142:w13549 and non-MTS groups for all the IVs with secondary-findings and hippocampi volumes producing the highest F's values; table 1. Standardized Canonical Discriminant Function Coefficients showed an index of the importance of each predictor of diagnosis with the sign indicating the direction of the relationship. A non-significant decrease in NAA/Cr was the strongest diagnostic predictor while a non-significant positive value for NAA/(Cho+Cr) and a significant choroidal fissure dilatation were next in importance as diagnostic predictors. The variables with large coefficients stand out (for these data) as those that strongly predict allocation to the with-or without MTS group. For these coefficient score the rest of variables were decreasingly less successful as diagnostic predictors; Group centroids table, we also describe each group in terms of its profile, using the group means of the predictor variables called centroids. The cut-off value was considered the mean of the two centroids; if the discriminant score of the function is less than or equal to the cut-off the case is classed as 0 (absent MTS), whereas if it is above, it is classed as 1 (present MTS). In our study, non-MTS had a mean of -0.672 while MTS produced a mean of 5.447; table 5. We finished the DA performing a classification phase using the cross validated set of data to present the power of the discriminant function. The classification results revealed that 93.9% of patients were classified correctly into "MTS" or "non-MTS" groups, this value corresponded to the overall predictive accuracy of the discriminant function; additional calculations for sensitivity, specificity, positiveand negative predictive values reported values of 97.2%, 70.0%, 95.8% and 77.8% respectively. Box plots of the average D scores for each group were used as visual demonstrations of the effectiveness of the discriminant function, the absence of overlap of the plots revealed an excellent discrimination, figure 3.
Discussion
In this study we applied DA to predict (or discriminate) a dependent variable (diagnosis of patients with-or without MTS) from a set of 13 IV's (morphologic MR findings, metabolite indices, age, gender, cerebral hemisphere and hippocampus volumes). To achieve this purpose we calculated the underlying linear dimensions of the IV's. These linear combinations of IV´s are known as variates, latent variables or factors [23] . It would be interesting to read more reports about TLE using multivariate analysis techniques, considering the advances in medical imaging related with the limbic system and hippocampus. Most of the publications about TLE and MR imaging of hippocampi have reported only main effects of volumetric and/or spectroscopic variables, however a formal statistic analysis considering the simultaneous influence (interactions) of several independent variables (categorical and continuous) that can influence results to the best of our knowledge have not been reported [5, [33] [34] [35] [36] . These moderator variables are very important 
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Swiss Med Wkly. 2012;142:w13549 because they might help to explain why some researchers obtain statistically significant results while others do not [37] . DA is a statistics tool not commonly reported in medical literature, however we believe physicians will become more familiar with this method in the coming years. This technique characterizes two or more classes of events; the variates with high canonical correlations contribute most to group separation representing the relative contribution of each variable. Interestingly in this study we found a nonsignificant influence of the metabolite indices defining a diagnosis of MTS, that is, MRS data follow the secondary MR findings in their usefulness for diagnosis. This information might complement previous reports that showed a low NAA/(Cho+Cr) ratio as the most consistent parameter in the assessment of TLE, representing the most sensit- Table 5 : Means of the predictor variables (centroids) used to describe each group in terms of its profile. The cut-off value is considered the mean of the two centroids; if the discriminant score of the function is less than or equal to the cut-off a new case can be classed as 0 (absent MTS), whereas if it is above, it is classed as 1 (present MTS). ive index to detect the abnormalities caused by TLE [4, 38] also a decrease in Cho and Cr related to reactive astrocytosis and decrease in ml associated with reactive gliosis and astrocytosis have been reported. (38) In our analysis a decrease in Naa/Cr was the main discriminant variable after secondary findings and before Naa/(Cr+Cho) and mI/Cr. The fact that we did not find a higher influence of the different metabolite indices in DA could be related with the findings that about 30% of the patients with TLE present with negative MR findings [7, 24] also MR spectroscopy might have been underestimated because of the partial volume effect in our spectroscopic data that included the whole hippocampus where many areas were intact. The main influence of secondary findings in this study occurs in the context of a multivariate assessment; the daily inclusion of these MR features will certainly improve the sensitivity and positive predictive value in TLE patients. Some patients with MTS have either absent or equivocal primary MR findings of mesial temporal sclerosis [24] . Unlike logistic regression which is limited to a dichotomous dependent variable, DA can use more than two dependent variable categories; also the independent variables in DA can be of any level of measurement; when its underlying derivational assumptions are satisfied, DA is considered to have greater statistical power than logistic regression [39] . If we express the variates of DA in terms of a linear regression equation the standardized discriminant function coefficients are equivalent to the standardized betas (b) in a regression model. We present to our readers a DA model that attempts to summarize the differentiation between groups, while overlooking within-group variation. Our model achieves the best discrimination of individuals into pre-defined groups [22, 40] .
Diagnosis of MTS Functions at group centroids
When DA is applied to combined qualitative and quantitative imaging data, theoretically we could uncover underlying patterns of metabolic changes due to diseases over specific brain regions, generating "functions," the scores of which can represent regional changes or associations between variables. It is in this regard that DA attempts to ascertain unobserved-neurologic assessments. The fornix and mammillary bodies are part of the major efferent system of the hippocampus, while the entorhinal cortex, temporal lobe, and collateral white matter contribute to the afferent pathway. The evidence of a significant influence of secondary MR findings indicates that one should think about MTS as a process involving diffuse regions of the brain rather than as one limited to the hippocampus [24] . This study has some limitations that need to be addressed: although our model was able to explain an important proportion of the variability in the data, it may still have some errors at predicting individual diagnosis, so model validation should be done in subsequent studies. We did not link our findings with a postoperative outcome. It could be interesting to know the interaction of secondary signs, and quantitative measurements with the history of previous insults (febrile seizures, encephalitis) in the long-term outcome of TLE patients, specially considering that MTS is an end stage process and most of our patients are young adults. Also, those MRI-negative TLE patients could benefit from surgery, as recent studies report in this group of patients better surgical outcomes [41] [42] [43] [44] [45] . Some questions remains unanswered, for example, if there are no primary MR findings, what is the likelihood (considering the presence of secondary MR findings) of becoming seizure free after temporal lobectomy?
We believe the evidence showed in this study (quantitative and qualitative imaging variables of the limbic system have an influence in the diagnosis of MTS) might be part of the follow up in clinical settings not only in research of TLE. The participation of IV's in this study, ordered by absolute size of correlation (metabolites and volumetric measurements) might now received closed surveillance by the different specialists interacting with TLE patients: neurologists, neurosurgeons, pediatricians, radiologists; specially in patients with non-lesional TLE in order to detect subtle interactions announcing the conversion of normal hippocampus to MTS. We are aware that the usefulness of research lies primarily in the generalisation of the findings rather than in the information gained about studies performed in particular individuals. Clinicians should remember that clinical variations (age, gender, time of diagnosis, geographical group, etc.) are likely to affect the size of benefit of a diagnosis or treatment, not whether any benefit exists. The extent to which it is wise or safe to generalise must be judged in individual circumstances, and there may not be a consensus [46] . For example, changes in case mix over time can affect the properties of a diagnostic test [47] . In this study, DA used an approach similar to regression analysis in order to derive a model for predicting diagnosis from two explanatory variables. The discriminant model, represented by an equation, is strictly valid only within the range of the observed data on the explanatory variables. When a measurement is included in a regression model it is possible to make predictions for patients outside the range of the original data (perhaps inadvertently). This numerical form of generalisation is called extrapolation. It can be seriously misleading. With more than two variables, it is not possible to be sure that the original data included any patients with the combination of values of a new patient. Nevertheless, it is reasonable to use such models to make predictions for patients whose important characteristics are within the range in the original data [46] . Clinicians willing to apply this proposal in their own centers, might benefit to enhance generalisability by: using broad inclusion criteria, maximizing the sample size, undertaking the research in the context of their National Health Service settings, and making required procedures or special training protocol driven. Generalisability faces a challenge in medical research because few studies describe well the details of how a change of a concept (simultaneous imaging evaluation of qualitative and quantitative data of hippocampi in this case) and other aspects of the bundle (acceptance and use by radiologists and neurologists for example) are interpreted locally or the details of implementation [48] . Additional studies might help to understand adaptation in different contexts in order to produce knowledge about implementation and outcomes which is generalisable beyond one setting.
In conclusion, we believe the current MR evaluation of hippocampi in patients with TLE should combine a comprehensive qualitative-quantitative analysis with predictive models. Due of the large number of variables (qualitative and quantitative) to which a radiologist is exposed in a conventional hippocampal MR-report, such evaluation might benefit from the use of unconventional statistical methods, such as DA.
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Figure 3
Box plots of the average D scores of DA illustrate the distribution of the discriminant function scores for each group. There is a visual demonstration of an excellent discrimination by showing the absence of overlap between groups.
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